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INTRODUCTION
This progress report is a compilation of work accomplished on the NASA/
KSC grant during the first year ending September, 1975. Our studies are
designed to cover Indian River, Haulover Canal, Mosquito Lagoon, and other
aquatic areas of discharge around Kennedy Space Center (KSC) over a three-year
period. The first-year report includes presentation and interpretation of
data on water and sediment samples collected from Haulover Canal and Mosquito
Lagoon.
The overall objectives of this study are three fold: (1) to establish
and improve the laboratory procedures for research work in the estuarine
environment; (2) to determine the physical, chemical, and biological characteri-
stics with special reference to toxic elements of the water bodies around KSC
and (3) to provide experience of scientific work to the Earth Science, Chemistry,
and Biology students through their involvement in the project. These objectives
are befitting the qualifications and interests of the investigators and are
being achieved in a satisfactory manner. Laboratory work has been considerably
improved since the inception of the project. Through the auspices of this
grant up till now 8 students got the opportunity to work for varying periods
of time and they learnt the technical skills.
In the implementation of analytical work, most of the stated estimations
of major and trace elements have been carried out. The determinations of Hg,
Pb, As, and Ni could not be made partly due to lack of proper equipment and
partly due to limitation of time in view of the magnitude of thz project work.
However, in the ensuing period an attempt will be made to assess these elements
in the stored sediments. Microbial studies using the pyrolysis-gas-liquid
chromatography will also be pursued as the gas chromatograph has been received
recently.
GAIMNAL PAGE 13
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2In the present report,-the field and laboratory data are presented end.
tentative conclusions have been drawn in the discussion of various-aspects
of the study. An attempt has been made to correlate the physical, chemical,
%nd biological parameters of the investigation. Although every effort has
been Dade to improve the quality of this report, yet the investigators are
aware of their limitations and the shortcomings that may be apparent.
Future efforts will be conti yued to further improve upon this work.
FIELD SAMPLING ?ROCEDURE
For the collection of study samples in the first year, five trips were
made to KSC on December 21, 1974; March 8, 75; May 10, 75; July 26, 75; and
September 21, 1975. The study area extended over a distance of 16 Km from
the eastern end of Haulover Canal through the Mosquito Lagoon to the North
boundary of KSC near the village Oak Hill. The sampling sites were selected
near the flag posts along the Intracoastal water way. As shown in Fig. l
two sampling sites (IH & 2H) were selected in the Haulover Canal and seven
sites UL to 7L) were selected in the Mosquito Lagoon. Approximate geographic
locations of the sampling sites are given as follows:
Sample # Field Site Location
Latitude Lou gi.tude
1-H West of bridge 2$ 
0
44 1N; 800 45.5W
2-H East of bridge 28 44.5N; 80 45W
1-L Post 43 28 44.7N; 80 44.6W
2-L Post 37 28 45.4N; 80 45.8W
3-L Post 31 28 47 N; 80 46.4W
4-L Post 25 28 48.5N; 80 47.4W
5-L Post 19 28 50 N; 80 49.3W
6-L Post 13A 28 51.5N; 80 49.2W
7-L Post 10 28 52 N; 80 49.8W
The samples were collected by using a rented 'coat arranged by Mr. E. E.
Perkins, NASA Technical Officer. On each of the 5 trips except the first one-
both the water and sediment sam ples were collected.
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During the first trip only the water samples were collected since the core-
sampler for the sediment collection was not available.
Collection of Water Samples. At each site-water sampling Alpha Bottle
was lowered from the -boat to the proper depth - of one or - two meters -and then -
its ends were cloApd by di'opping'a messenger weight along the rope..- For the'.
fifth collection a Sewage-Sampler was used "for this purpose and it- - .was found
more convenient and efficient as compared to the sampling bottle. Four sample
containers (3 polyethylene bottles and one glass bottle) making up a total
volume of about three liters were filled with water for various types-of
analyses to be performed later in the laboratory. One ml of dilute sulfuric
acid was added to each of the glass bottles for stopping the activity of micro-
organisms and preserving the real status of inorganic nitrogen in the water
at the time of sampling.
Collection of Sediment Sam les. For the collection of sediment samples,
the core-sampler lined with polyethylene tube was pushed at the water bottom
into the sediment layers. The lowermost 50 cm section of the sampler was
filled with the sediment column and was mechanically pulled up while sitting
in the boat. The 50 cm soil core was split into Top and Bottom samples and
transferred separately into the polyethylene bags. In some cases only the
Composite samples could be collected. The sediment bags were immediately
closed tightly and then were frozen by storing into dry ice provided by
Mr. Perkins from the NASA laboratory in an insulating container of polystyrene.
Field Observations.. At each samplinn site, with the help of portable
models of pH meter and salinity meter, the pH value, salinity and conductivity
of water were recorded. Water temperature was also recorded by using a
thermometer. The samples were then brought to Savannah State College.-
y. i 5
On returning to.Savannah., the sediment samples were stored into the
freezer and the water samples for nitrogen analyses and microbial studies were
stored into the refrigerator at 4oC until the time of analysis.
METHODS OF WATER ANALYSIS
-	 Analysis of Majez Constituents. 	 The total dissolved solids (salts) in
dater samples were estimated-by drying 25 ml volume of each sample in a pre-
weighed porcelain dish placed into *a forced air -oven.	 The oven was maintained.-
-:at about 4006 and the drying was..completed by raising the. temperature to 105oC
for one hour.	 ' 'the sampies, were cooled in -a desiccator before final weighning.
s
The chloride content was determined by argento-metric method using potassium
k
chromate as the indicator ( 1 ).	 The sulfate concentration was measured by
turbidimetric method using a	 i cerol-RCl-ethyl alcohol as the conditioningg Y	 Y
reagent before precipitation with barium chloride ( 1 ). 	 The turbidity of
Ba$04 suspension was measured in a Bausch& Lomb Spectronic 20 Colorimeter at
:a setting of 420 mu.
The bicarbonate was determined by a simple titration method using 0.12 N
HCl as the titrant and methyl red as the indicator.
The major cationic elements of Ca, Mg, Na, and K were determined by atomic
absorption technique after proper dilution of the original samples to the
- •W
2f
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It was also found that pre-concentration of the original estuarine
samples for increasing the trace element levels within the detection limits
is not helpful. Due to high salinity of these water samples, some salts upon
evaporation begin to precipitate. It is now clear that for the estimation
of trace elements such as Pb, Cu, and Ni the extraction with organic solvents
is necessary. For these lengthy procedures and other practical reasons stated
earlier, all the intended elements could not be measured. The sensitivities
of iron, chromium, zinc, cadmium and lead at 1% absorption as reported by
Perkin-Elmer Corporation are .12, .10, .018, .025, and .50 ug/m1 respectively.
The accuracy of data on trace elements, included in this report will be further
confirmed as the work on this project is continued.
Measurement of Chemical Oxygen Demand (COD). The procedure employed for
the estimation of COD in water samples of high salinity was taken  from the
U.S. EPA Manual ( 2 ). The method is based on the oxidation of organic acids
and oxidizable inorganic substances in water by potassium dichromate solution
containing 50% by volume of H2SO4 and back titration of the un-used dichromate
with standard ferrous ammonium sulfate. Chlorides, the most common interferen-
ce are quantitatively oxidized by dichromate in acid solution with 1 ppm of
chloride as Cl- exerting the equivalent of 0.226 ppm COD. Chloride correction
factors have to be applied for the interference in this estimation. The COD
measurement was made in the lst and 2nd collection of water samples. The
resulting values are as follows:
in
aple # 1H	 2H
1st Coll.	 -	 136 369	 456 278	 341 130 70 108
2nd Coll. 29	 --0- 173	 -0- 110	 120 -0- 38 62
It	 s apparent these values are inconsistent and thus cannot be relied upon.
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As a general rule COD cannot be accurately be measured at the present time
in samples containing more - than 2000 ppm Cl ( 3 ). Thus small amounts of
organic matter cannot be reliably . measured in presence of high chloride content
such as encountered in estuarine waters. Our samples contain 15000 to 25000
parts per million of chloride. In view of this interference problem, the
estimations of COD were discontinued pending 'the refinement of method.
Determination of Inorganic_Nitronep (MR -4 and NO.4N). Steam distillation
method reported by Bremner and Keeney .( 4 )-was used for the determination of
ammonium and nitrate nitrogen (NH4-N & NO3 ­N). In this method ammonia is
steam distilled in presence of MgO and absorbed in boric-acid - indicator solution
and estimated by titration with 0.005 N sulfuric acid. Finely divided Devaida .
alloy was added to bring about the reduction of nitrate to ammonium ion before .
the addition of MgO. Nitrite was not estimated because it appeared to be absent.
Determination of Inorganic_Phoseorus. The radio reagent method employed
in this study fair the determination of phosphorus is essentially ix the same
as reported by Kenney and Menon ( 5 ). This method is much simpler to use
as compared to the conventional methods and affords better sensitivity of
detection. About 10 mCi of 99Mo isotope in WHO 2MoO4 was procured from New
England Nuclear. A three percent solution of tagged sodium molybdate radio
reagent was prepared by dissolving approximate amount of sodium molybdate in 250
ml of 5N HCl and mixing it thoroughly with approximately 1 mCi of 99Mo tracer.
Five ml of the reagent was added to 20 ml of the water sample and the mixture
E	 .:	 I.
Was left for 5 minutes. At the end of this period it was transferred to
a 125 ml separatory funnel and shaken for one minute with 10 ml of 1-butanol-
chloroform mixture containing 20% of 1-butanol by volume. After equilibrium,
the extract containing molybdophosphoric acid was collected: in a polypropylene
beaker and 5 ml of. the ex tact Was pi:petted into a counting tube..
L
stars .^ ^estc ,z;^.r:rwus _.,.., z^s:.^.:4•.uw^a^.^^fc,ra 	 —..a a^x, ^-
I
' The radioactivity resulting from 99Mo gamma-rays was measured by using a well- ^
A type Na	 (Tl) gamma ray spectrometer and a single channel analyzer.	 A known
amount {20 m1} of stan-(4rd phosphate solution was subjected to the same f
procedure and the .gamma-ray activity in a 5 ml of the final extract was
measured.	 A blank, 20 m1 Water ryas also processedd in an identical manner and
r.
the activity.in the blank. was. also measured.	 After correction for decay and
,..	 .	 .
blank activity, the activities of the samples were compared with that in the"
F'
standard to determine the concentration of P in the samples,
k;.
Only the four sets (collections) of water samples were analyzed for P
- r
u" by using this radio reagent method.
METHODS OIL SEDIMENT ANALYSIS
Preparation of Soil (Sediment)-- Samples.	 For the study of sediment samples ff
the frozen sample bags stored in the freezer were taken out and allowed to
thaw -at .room temperature.	 The interstitial saline water mixed with the sedi-
meats from the sampling sites was filtered through a Buchner funnel containing
Whatman #5 filter paper under vacuum - suction.	 The interstitial water was set
s
aside: €or analysis of trace elements. z
A portion of the residual , wet sample was used €or moisture de:terminatioon.
Another. small portion of the wet sample was reserved for the study of micro-
ti
organisms,	 A third .portion of -the sample weighing 50 g " was used for the
estimation of inorganic nitrogen: {
The.remainip g.wet sample of the sediment was air d=led"3n tre. oven. at 350
y.
Then  it was	 ulverize.d" and	 round b	 usingp :...	 g	 Y 	 a pestle and mortar taking cure
not to crush the shells present in the sample. 	 The aaaple was"sieved through c
a U.'S. Standard #18 mesh.	 #errs with openings of 1.0 ► %di8mete^r' and: stored fz
i,i sample vial for analysis:. The left-over Zbells we:te Weighed and their
.	
percentage was calculated on the pia. el, s of air.-dry unsieved bplk sample .	 The
r
color of each dry sample vas.subsequently observed and recorded.
.^mr^.
T^
i
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Moisture Determination in Sediments. Aboi
sample was accruately weighed in a china dish.
in an air oven and the drying was completed by
for one hour. The dried sample was allowed to
9
it 10 gra-- portion of the wet
It was then dried overnight
raising the temperature to 1050C
cool in a desiccator and then
weighed. The difference in weight between the wet and dry sample represented
the amount of moisture held in the sample. Percentage moisture was calculated
on the basis of the air dry sample:
(wet sample wt) - (dry sample wt)
Z moisture in sediment -	 x 100
(dry sample wt)
Heast:rement of pH of Sediments. Measurement of pH of the sediments not
only indicates the acidic or basic nature but also provides information about
the availability of phosphorus and trace elements and the possibility of
microbial activity. Although different soil:water ratios have been adopted
by various analysts in the past for pH measurement, we have chosen 1 : 1
soil : water ratio. Ten grams of air dry soil were mixed with 10 m1 of
distilled water and the mixture was allowed to equilibrate for half an hour.
The pH was measured by using a Corning Model 12 Research pH Meter.
Measurement of Electrical Conductivity. Like the pH measurement, the
conductivity measurement has also been carried out in soil-water mixture of
different composition. We have made the conductivity measurement in the
sediment-water ratio of 1 : 2. Ten grams of air dry sieved sediment were
seirred with 20 ml of water and the mixture was filtered through a filter.
The resistance rf the filtrate, which was turbid, was measured by using a
YSI Adel 31 Conductivity Bridge. The conductivity in units of 100 u."tllos
was calculated from the resistance.
Ppp PAGE !$QU`^i
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Inorganic Nitrogen Determination in Sediments. For the extraction of
inorganic nitrogen (NH 4-Nand NO3-N), 50 g of the wet sediment sample was
agitated with 50 ml of 1N KCl solution in X250 ml flask for about 20 minutes
using a wrist-action shaker. The mixture was filtered through Buchner funnel
fitted with #5 filter paper and using suction. Washings with 10-m1 portions
of 1N KM were continued until 100 ml of the extract was obtained. Fifty ml
of the extract was used for the estimation of NH 4-N and the remaining 50 ml
was used for determining NO3 N using steam distillation method described
earlier in the analysis of water ( 4 ). The inorganic nitrogen cnntent of
the sediments has been expressed as ppm N on the basis of air dry soil.
Determination of Water-Soluble and Ion-Exchangeable Cations. It is
known that ammonium acetate is preferred over all other extractants for the
removal of exchangeable cations from the soil ( 6 ). The following procedure
was therefore, employed for the displacement of exchangeable metal ions along-
with those that are water-soluble, for subsequent analysis;
Ten grams of air dry soil passed through 1.0 mm sieve were mixed with 25 ml
of 1N ammonium acetate in a 100 ml beaker. The mixture vias heated on a hot
plate for 30 minutes with occasional stirring. The mixture was filtered into
a 100 ml flask. The residue was washed several times with the same reagent
until the 100 ml filtrate was collected into the flask. This ammonium acetate
extract was transferred to a 250 ml beaker and evaporated slowly to dryness.
The organic material in the residue in the beaker was then digested with 1 ml
of conc. ILIO 3 and 3 ml of conc. HCl. Extra portions of these acids were used
if necessary to completely destroy the organic matter. The residue finally
evaporated to dryness was dissolved in 0.2N HCl and the solution was filtered
into a 100 Sul volumetric flask. After giving several washings to the filter
paper the volume of the soil solution was made up to the mark with de-ionized
F
11
water. This sample was used for the analysis of reported cations. The use
of atomic absorption technique for the analysis of major cations necessitated
further dilution of a portion of this sample. Trace elements were determined
using the stock solution sample itself.
STUDY OF MICROORGANISMS
Bodies of water —ore usually in a state of flux while accomodating micro-
organisms and the products of their interaction with a range of artificial"
and natural materials. This microbial interaction with living as well as non-
living organic materials may result in the production of a variety of other
organic substances ( 7 ). Thus the continuous enrichment of aquatic bodies
may result in the accumulation of toxic metabolites as well as the occurrence
of pathogenic microorganisms. The problem of water pollution has been compli-
cated by the fact that many organic wastes enter a sink such as a river, or
a receptor such as fish in the form of comply mixtures. As a result the
ultimate composition of microbial flora associated with the sink will be
determined to a considerable extent by the nature of waste materials ( S ).
The studies described in this report were undertaken to (a) isolate,
identify, characterize and classify microorganisms, especially pathogenic
or pollution indicator bacteria in water and sediment samples collected from
Haul:over Canal and Mosquito Lagoon by conventional procedures, (b) to corre-
late the conventional techniques with pyrachromatographic data on the isolated
organisms, and (c) to determine the nature of pollution if any in these water
bodies and exploring the possible ways of correcting the problem.
Preparation of Samples for ',Iicrobial Study. Water samples collected
in sterilized polyethylene bottles and tempGrarily stored in the refrigerator
i
	 were transferred to cold room maintained at 7 - 8 0C. Portions of sediment
l	
samples after these were tliawtd from t:ie frozen state  and interstitial water
0MGMAL, PAG,9 ,M
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sources in lagoon water.
12
was removed, were used for microbiological examination. Bacteria and actinaw
mycetes were isolated on enrichment, differential and where appropriate selective
culture media. Beeteria isolated from enrichment culture media were inoculated
into differential and selective media whenever possible.
Culture media were sterilized. by ^:)iling or autoclaving at 15 psig for 20
minutes, after W-`_ch media were cooled, dispensed into petri dishes or test
tubes (as broth, agar slope or deep (butt)). Media were inoculated with
appropriate water or sediment samples by the surface streak plate method
(by means of a hockey stick-shaped glass rod, by pour plating, as stab cultures
or as agar shake (9). Anaerohiosis was achieved by overlaying agar stab and
0
shake cultures with vaspar. Cultures were incubated at 15 or 20 C for 7 - 14
0
days or at 30, 37, 45 and SO C for 3, 5, and 7 days. Selected colonies were
examined morphologically by gram and stain procedures and also biochemically
(9, 10). Colonies were then transferred to differential and selective media
descr.. ,ed as follows:
2. Sodium nitrate agar contains nitrate, carbon sources in lagoon water.
3. Crystal violet agar, contains peptone and beef extract.
4. Acetate nitrate agar plus mineral salts and trace elements.
5„ Sodium lactate agar plus carbon sources in lagoon water.
Selective and Differential Media. used in the isolation of Bacteria.
Colony #
	
Medium Designated Organism
1. Mannitol-salt agar Staphyloccus sp.
2. Pseudomonas isolation agar Pseudomonas sp. and pseudomonads.
3. Actinormycetes isolation agar Nocardia sp., Arthrobacter sp.
4. Simmons--citrate Bacillus sp.
5. Oxidation-fermentation (Hugh- Differentiation of oxidative from
Leifson
	
0 - P ) fermentative pseudomonads.
6. Motility test medium Differential medium.
7. Eosine-methylene blue agar To differentiate between Aerobacter sp.,
and Escherichia coli.
8. Glucose-casein & glucose-esparagine agar.
	
Actinomycetes & Micromonospara.
9. Veilonella agar Veilonella sp.
10. Mineral salts-nicotine. Arthrobacter sp.
t: The colonies were selected at random.
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RESULTS ILW DISCUSSION
Results from tl i c ,analysis or Watc:r Saninles. The data on the measurement
of physical parameters and the analytical results for nitrate-nitrogen and
inorganic phosphorus in all the water samples collected during the reporting
period are shown in Tables 1-W(a) to 5-W(a) . i:o arrmonium-nit-rogen was detected
in any of the samples. The absence of measurable NH 4-Nin all the water samples
indicates that the Haulover Canal and Mosquito Lagoon waters are well aerated
and the oxidizing and nitrifying bacteria seem to be very active. The NO 3
-N
levels in the samples where nitrogen was detected are in general accord with
the values reported for these water bodies earlier( 11 ). Only one sample,
2L(Table 3-W(a)), was found to contain a sib.rificantly high value of 03.48 ppm
of NO3-N. This may be due to a recent localized addition of soem effluent from
the adjacent vegitation area. Only the inorganic phosphorus which exists as
orthophosphate has been determined in the water samples. The reported values
are believed to be within the range normally found in inland water bodies.
however, a dramatic increase in the levels of phosphorus in samples collected
from all locations was observed curing the month of May ('Table 3-W(a)). This
trend is noticable in the case of other elements also. The salinity and the
conductivity also showed marked increase in the month of May.
Tables 1-W(b) to 5-W(b) show the results of analysis of major elements
and anionic species including the total solid present in all the water samples.
It can be seen from the tables that, in general, there is a gradual increase
in the concentration levels of various elements and total dissolved solids
in water samples from lH to 5L and then in 6L and 7L the concentration either
levels off or decreases slightly. This observation coincides with the collect-
ion of samples in sequence progressing northward and opposite to the direction
of flow of water.
ORIGINAL pAGE ISOF ftolt QUAD
w.,
Data on the Measurement of the Physical Parameters and the Measured Values for Nitrate Nitrogen	 5
and Phosphorus--
(lot
*
Collection)	 - Haulover Canal and Mosquito Lagoon
Sample # Depth Temp. Salinity Conductivity pp Phosphorus Nitrate-
(m) (oC) W (in 100 u Mhos) (Site) (ppm) Nitrogen(ppm)
2-H - 18 3.00 394 7.5 0.033 -
1-L. 1.37 17 2.83 380 6.2 0.013 -
2-L 1.37, 17 2.94 3.90 6.5 0.029 -
3-L 1.83 18 3.00 400 7.1 0.124 0.28	 `'-
4-L 1.83 18 3.13 410 7.2 0,098 -
5-L 1.83 17 3.25 423 7.3 0,066 --
6-L 1.83 17 3.28 430 7.6 0.061 -
7-L 1.83 18 3.07 415 7.6 0 .087 -
* Samples collected on December 21, 1974 r	 _
z.
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Table 2-W (a)
Data on the Measurement of the Physical Parameters and the Measured Values for Nitrate Nitrogen
and Phosphorus
a
{2nd Collection) * Haulover Canal and Mosquito Lagoon
Sample #i Depth Temp. Salinity Conductivity	 pH Phosphors iitra-te-
(m) (oG} (X) (in 100 u Mhos)	 (Site) (ppm) Nitrogen(ppm)
I-H 0.61 20 3.50 430 7.3 0.035 -
2-H 0.61 20 3.50 428 6.0 0.190 -
1-L - 20 3.55 435 7.3 0.040 -
2-L - 20 3.68 448 7.8 0.025 -
3-L 1.83 19 3.85 465.5 7.6 0.025 0.14
4-L - 19 3.82 462 7.8 0.032 0.28
5-L - 19 3.75 456 7.5 0.025 0.42
6-L 1.52 20 3.80 460 7.5 0.045 0.28
7-L 1.07 19 3.79 460 7.4 0.035 -
r
x Samples collected on March 8, 1975
f-
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Table 3-W (a)
Data on the Measurement of the Physical Parameters and the Measured Values for Nitrate : Nitrogen
and Phosphorus
Card Collection ) * 	- Haulover Canal and Mosquito Lagoon
Sample 0 Depth Temp. Salinity	 Conductivity$ pH Phosphorus Nitrate--
(m) (00 M	 (in 100 u Mhos) (Site) (ppm) Nitrogentj)pm)
1-H 0.91 28 3.44	 427 7.8 2.00 0.14
2-H 1.52 28 3.61	 448 7.8 1.90 -
1-L 0.91 27 3.51	 436 7.3 1.70 -
2-L 0.91 2b 3.81	 473 7.3 2.00 0.98
3-L 0.91 27 3.90	 484 7.3 2.00 0.14
4-L 0.91 27 3.93	 488 7.3 3.20 0.28
5-L - 26 3.98	 494 7.3 2.00 0.28
6-L - 26 3.90	 484 7.3 1.75 -
7-L - 27 3.92	 487 7.3 1.55 -
0%
Samples collected on May 10, 1975
$ 4pndj#^tiVity of t-he samples -arras :
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Table 4-W (a)
Data on the Measurement of the Physical Parameters and the Measured Values for Nitrate-Nitrogen
and Phosphorus
(4th Collection)
	
- Haulover Canal and Mosquito Lagoon
Sample 8 Depth Temp. Salinity	 Conductivity pH Phosphorus	 Nitrate-
(m) (oC) (X)	 (in 100 u Mhos) (Site) (Ppm)	 Nitrogen(p.pm)
1+;H 0.91 30 3.00	 455 7.6 0.24	 -
2-H 0.91 31 2.85	 480 8.1 0.10	 -
1-L 1.22 31 2.60	 425 7.4 0.89	 -
2-L 1.22 30 2.65	 430 8.5 0.27	 -
3-L 1.22 31 2.70	 440 8.0 0.23	 -
4-L 1.22 31 2.76	 446 7.6 0.24	 -
5-L 1.22 31 2.84	 458 7.8 0.54	 -
6-L 1.22 31 2.86	 462 7.3 0.25	 -
7-L 1.22 31 2.90	 46.9 7.5 0.33
^* Samples collected on July 26, 1975
NASA PROJECT WATER SAMPLE ANALYSIS
Table 5-W (a)
Data on the Measurement of the Physical Parameters and the Measured Values for Nitrate Nitrogen
i
and Phosphorus
(5th Collection) * - Haul-over Canal and Mosquito Lagoon
Sample Depth Temp. Salinity Conductivity pH Phosphorus$ Nitrate-
(m) (oC) (x) (in 100 u Mhos) (Site) (ppm) Nitrogen(ppm)
1-H 1.22 25 2.90 360 6.4 -
t
2-H 1.22 26 2.90 360 6.7 -
1-L 1.22 26 2.85 350 6.7 -
2-L 1.22 27 2.95 360 7.1 -
3-L 1.22 27 2.85 355 7.1 -
4-L 1.22 27 3.05 374 7.2 -
5-1, 1.22 28 3.10 380 6.9
6-L 1.22 27 3.10 380 7.3
a
-
7-L	 1.22	 28	 3.10	 383	 7.0	 -
►r	 t
m
# Samples collected on September 27, 1975
Phosphorus is yet to be determined in these samples
`r
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Table 1-W (b)
Concentration of Major Ions in Water (1st Collection) * from Haulover Canal and Mosquito Lagoon
Sample 0 Site #	 Ca	 M9	 Na	 K	 Cl	 SO4	 HCO3	 Total Solids
_—=--..PPM
1-H West of
bridge
2-H East of 335 1100 6400 600 17519 2350 175.2 35116
bridge
1-L Post 43 360 1100 6800 624 18270 2550 234.0 35432
2-L Poet 37 365 1125 6500 624 20773 2300 204.9 36716
3-L Post 31 370 1200 6800 640 215.24 2850 175.2 37912 -
4-L Post 25 400 1150 7000 658 19521 2750 204.9 39100
5-L Post 19 380 1250 7600 688 19521 3000 175.2 40100
6-L Post 13 A 378 1225 7300 700 19772 2850 234.0 40036
7-L Post 10 375 1210 7200 700 19521 2650 204.9 40020
* Samples collected on December 21, 1974
r	
^,
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Table 2-W (b)	 f
Concentration of Major ions in WAtara(,2nd , C*1leotibJrrom Haulover Canal and Mosquito Lagoon 	 1
Sample #
	 Site #	 Ca	 Mg	 Na	 K	 C1	 SO4	 HCO3	 Total Solids
1--------
 ppm ----------
x
F
f
1-H	 West of	 370	 1200	 6900	 624	 18520	 2060
	 175.2	 39060
bridge t
2-H East of 390 1217 6800 640 21273 2300 161.0 40992
bridge
1-L Post 43 383 1250 7100 624 20523 2320 204.9 40124
2-L Post 37 400 1250 7300 648 22274 2320 175.2 40724 i
3-L Post 31 405 1300 8000 696 21774 2050 161.0 46576
4-L Post 25 403 1250 8000 696 21273 2100 161.0 44484
5-L Post 19 407 1242 8000 736 24026 2400 161.0 41944
i
6-L Post 13 A 400 1167 7600 696 20523 2300 146.6 41.500
F
}
7-L Post 10 393 1183 7500 688 19521 2250 168.1 42044
* Samples collected on March 8, 1975
o
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i
t
1
t
Table 3-W (b){
Concentration of Major Ions in Water (3rd Collection) *
 from Haulover Canal and Mosquito Lagoon
a'
Sample #
	
Site #
	 Ca	 Mg	 Na	 K	 ClSO4	 HCO	 Total Solids
ppm
F
l-H West of 492 1300 115.00 790 20523 2820 183.0 46752
bridge
2-H East of 480 1333 11250 820 21023 2800 175.7 43016
bridge
1-L Post 43 480 1333 11100 830 21774 2830 190.3 42544
2-L Post 37 487 1367 117'50 830 26029 3020 175.7 46408
3-L Post 31 472 1389 12250 870 22525 3080 175.7 47028
4-L Post 25 463 1400 12350 875 27030 2990 183.0 45120
5-L Post 19 480 1433 12800 865 25028 .3200 175.7 47588
6-L Post 13 A 485 1400 12000 850 23025 3150 175.7 47656
7-L Post 10 485 1389 12000 840 21524 3150 161.0 45380
Samples collected on May 10, 1975
3
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NASA PROJECT WATER SAMPLE ANALYSIS
Table 4-W(b)
Concentration of Major Ions in Water (4th Collection)
	
from Haulover Canal and Mosquito Lagoon
Sample Site # Ca MIR. Na K Cl SO4 HCO3 Total Solids
PPM -----------
1-H West of 335 1015 8300 330 16495 2310 161..04 34148
bridge
2-H East of 345 1035 8350 335 16495 2200 175.68 34608
bridge
1-L Post 43 345 1025 8400 325 15995 2130 175.68 34.616
2^L Post 37 350 1020 8500 333 15995 253,0 146.4 34764
3-L Post 31 355 1065 8600 365 16245 2640 161.04 35160
4-L Post 25 355 1080 8800 365 15995 2280 175.68 36236
5-L Post 19 370 1130 9100 380 16995 2470 161.04 36120
6-L Post 13 A 372 1150 9200 385 20494 2640 175.68 37036
7-L Post 10 372 1155 9150 375 17744 2530 161...04 37320
* Samples collected on July 26, 1975
N
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Table 5-W(b)
Concentration of Majcr Ions in Water (5th Collection) * from Haulover Canal and Mosquito Lagoon
Sample #
	
Site
	 Ca	 Mg	 Na	 K	 Cl	 SO4	 HCO3	 Total Solids
---..---_-_- ppm -----------
West of 386 1170 9800 468 17994 3150 1.61 39452
bridge
2-H East of 378 1150 9440 392 16995 2675 190 39538
bridge
1-L Post 43 378 1150 9720 368 16495 2775 190 39804
2-L Post 37 384 1200 9400 380 16495 2725 190 39866
3-L Post 31 389 1145 9320 368 16995 2375 161 40260
4-L Post 25 384 1210 10000 380 17495 2500 161 41008
5-L Post 19 374 1240 10280 408 17994 3075 161 41386
6-L Post 13 A 370 1240 10400 412 17994 2675 163 40568
7-L Post 10 370 1240 10400 400 17994 3175 161 40592
Samples collected on. September 27, 1975
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The concentration of trace clersenrs in all the water samples undertaken
in this study are presented in Tables 1-W(c) to 5- W(c). The values reported
for most of the trace elements, except zinc, may be considered as upper values
for possible detection in water samples. The ii-mit of enitivity of detection
of Atomic Absorption Spectrometer for some of the trace elements precludes
their analyses with a high degree of accuracy. For more accurate analysis
the trace elements should be pre-concentrated by extraction or ion-exchange
techniques using larger volumes of water. The analytical results show, however.,
that there are slight variations in the concentration of trace elements we
have studied from one location to the other as well as from season to
season. In general, Fe, kin and Zn concentrations in these saline waters
are less than the maximum recommended for irrigation waters. However, the Cr
and Cd levels are relatively higher in these samples, thus revealing the
different chemical composition of estuarine-waters ( 12 }.
Results of Analysis of Sediment Samples. In Tables 2-S(a) to 5-S(a)
are given the results of the measurement of physical parameters and of the
analysis of ammonium- and nitrate-nitrogen. Inmost cases, the upper and
lower parts of the soil core have been analyzed, but in few instances only
the composite samples were collected and analyzed. The percentage of moisture
was estimated in order to compute the concentration of nitrogen per gram of
dry sediment ( 6 ). The difference in the percentage of shells in the
collected samples shows that these samples are not alike in their composition
and structure. The=.e is also some difference in the color of the samples as
seen from the tables. All the samples (2H) collected from the site labeled
Uast of Bridge" in the Haulover Canal have darker color than the rest
although no such consistency in color was observed for other samples collected
from other sites at different times. In general, the pH of the sediment
GF ^p
 R
^A
^UA
OF
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a
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Table 1-W (c) : Concentration of Trace Elements in Water (1st Collection)
from Haulover Canal and Mosquito Lagoon
sample # Fe Mn Cr Zn Cd
------ ppm --------
2-H 2.93 0.050 0.70 0.068 0.062
1-L 2.33 0.088 0.33 0.068 0.062
2-L 3.17 0.088 0.50 0.068 0.070
3-L 3.17 0.106 1.00 0.068 0.075
4-L 4.40 0.050 0.70 0.072 0.044
5-L 4.40 0.050 0.50 0.080 0.056
6-1. 3.37 0.088 0.83 0.078 0.044
7-L 3.37 0.106 0.33 0.0?0 0.056
Samples collected on Dee tuber 21, 1974
Table 2-W(c) Concentration of Trace Elements in Water (2nd Collection)
from Haulover Canal and Mosquito Lagoon
Sample # Fe Mn Cr Zn Cd
1-H 0.87 0.106 1.00 0.059 0.084
2-11 1.07 0.050 1.00 0.059 0.075
1-L 0.87 01088 0.50 0.052 0.080
2-L 2.33 0.088 0.70 0.054 0.070
3-L 8.17 0.088 0.33 0.050 0.075
4-L 2.73 0.106 0.33 0.085 0.080
5-L 3.17 0.50 0.70 0.072 0.100
6-L 2.33 0.088 0.50 0.052 0.088
7-L 4.20 0.100 0.50 0.059 0.088
,s Samples collected on March 8, 1975
26
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Table 3-W (c) : Concentration of Trace Elements in Water (3rd Collection)*
1
from Haulover Canal and Mosquito Lagoon
E
Sample # Fe Mn Cr Zn Cd
------
------ p.pm, ----------
_ .... -
i
4	
1-H 0.87 0.040 0.70 0.049 0.080
2-H 0.63 0.050 1.17 0.046 0.056
1-L 0.87 0.088 0.70 0.068 0.088
2-L 1.27 0.106 0.70 0.080 0.070
!	 3-L
i
1.47 0.050 0.70 0.047 0.070
4-L 1.70 0.050 0.70 0.080 0.062
i
5-L
9
2.10 0.106 0.70 0.063 0.075
6-L 2.73 0.106 0.33 0.063 0.070
a	 7-L 2.93 0.088 0.50 0.092 0.070
t	 '
k
* Samples collected on May 10, 1975
*
Table 4-W (c) : Concentration of Trace Elements in Water (4th Collection)
from Haulover Canal and Mosquito Lagoon
Sample # Fe Mn
--
Cr
__--__	 --------
Zn
-----
Cd CU
1-H 0.27 0.030 0.033 0.06 0.13 0.31
2-H 0.38 O.O'JO 0.033 0.18 0.14 0.31
1-L 0.31 0.030 0.033 0.11 0.14 0.31
2-L 0.56 0.030 0.033 0.15 0.15 0.31
3-L 0.30 0.030 0.033 0.08 0.16 0.31 t
4-L 0.44 0.040 0.033 0.11 0.15 0.35
y
5-L 0.38 0.030 0.033 0.11 0.15 0.35
6-L 0.44 00100 -0- 0.08 0.15 0.35 s
7-L 0.30 0.050 0.033 0.10 0.13 0.35 3
'a
* Samples collected oa July 26, 1975
1
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Table 5-W (c) : Concentration of Trace Elements in Cuter (5th Collection)
from Haulover Canal and Mosquito Lagoon
Sample #	 Fe.	 Ain
	 Cr	 Zn
	
Cd	 Cu
------- ------ ppm ------------
1-H 0.24 0.05 0.033 0.032 0.081 0.58
2-H 0.24 0.05 0.033 0.035 0.063 0.58
1-L 0.24 0.03 0.033 0.032 0.081 0.54
2-L 0.30 0.04 0.033 0.023 0.090 0.46
3-L 0.24 0.02 0.033 0.041 0.073 0.50
4-L 0.30 0.05 0.033 0.057 0.100 0.62
5-L 0.18 0.05 0.033 0.027 0.100 0.58
6-L 0.18 0.05 0.033 0.048 0.090 0.54
7-L 0.24 0.05 0.033 0.045 0.110 0.54
* Samples collected on September 27, 1975
samples (1:1 mixture with water) is higher than that of water samples, but
the conductivity of the former (1:2 mixture with water) is much less. As
seen from the Tables 2-S(a) to 5-S(a) the sediment samples, unlike water
samples, contain significant ammounts of ammonium-nitrogen. This would
indicate the presence of partial anaerobic conditions in the sediment bed.
The nitrifying bacteria may also be less active in this case. Nitrate-nitrogen
was also detected in a large number of sediment samples.
Tables 2-S(b) to 5-S(b) show the results of analysis of the interstitial
water of the sediment samples for trace elements. The quantity of interstitial
water in some of the samples was too small to perform the analysis of all of
the chosen trace elements. The concentrations of the analyzed trace elements
i
.F
5
NASA PROJECT SEDIMENT SAMPLE ANALYSIS 	 `E
Table 2-S (a) : Data on the Measurement of Physical Parameters and the Measured Values for Ammoni,im
and Nitrate-Nitrogen
(2nd Collection ) *- Haulover Canal and Mosquito Lagoon
Sample i@	 Moisture	 % Shells in the	 Color of the	 pH	 Conductivity Nitrogen (ppm)
(X)	 collected Sample	 Sediment	 (1:1 Ratio) (in 100 u Mhos) NH4-N	 NO 3
-N
111-C 18.01 23.0 light gray 7.4 35.71 3.97 -
i
211-C 13.97 1.3 grayish brown 7.5 34.48 1.60 -
2H Anchor 22.53 3.o gray 7.8 50.00 19.04 0.86
1L-T 22 . 29 26 . 0 dark gray - - 5.13 1.43
1L-B 42.72 6 . 0 dark gray 7.6 66.67 2.00 2.00
21-T 27 . 54 0.9 gray 7 . 7 58.82 5.71 2.14
2L-B 19.04 9.0 - 7.8 50.00 2.67 1.83
3L-T 22 .49 9.6 (C) gray(C) 7.8(C) 50.00 (C) 4.8 2.06
3L-B 20.42 - - - - 1. 69 2.25
4L-T 23 . 59 negligible gray 7.9 50 . 00 4.85 1.73
4L-B 24 . 81 6.0 dark gray 8.0 52.63 2.45 -
5L-T 19.49 9.0(C) gray(C) 8.1(C) 50.00(C) 7.80 -
5L-B 20-.90 - - -- 6.09 0.68 i
6L-T 26 .08 10 . 0 dark gray 8.1 45.45 X0.59 0.22
6L-B 26 .15 20.0 dark gray 8.5 66.67 7.06 0.53
7L-C 16.21 4 . 5 gray 8.1 50.00 12.36 -
Samples collected on March 8, 1975
@ C--- Composite; T	 Top - upper part of soil core; B	 Bottom - lower part of soil core riN
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Table 3-S (a) : Data on the Measurement of Physical Parameters and the measured values for Anunonium
and Nitrate-Nitrogen
(3rd Collection) e- Haulover Canal and Mosquito Lagoon
Sample #^ Moisture % Sheds in the Color of the pH Conductivity Nitrogen (ppm)
(X) collected Sample Sediment	 (1:1 Ratio) (in 100 u Mhos) NR4-N NO3-N
111-T 19.77 12.3 gray 8.4 47.62 9.64 -
1H-C 17.57 8.2 gray 8.6 50.00 5.59 -
2H-T 13.94 - - - - 5.59 -
2R-B 22.16 1.5 dark gray 8.4 50.00 2.91 0.68
211-C 17.25 1.5 dark gray 8.3 50.00 2.63 0.16
1L-T 25.95 13.5 gray 8.1 55.56 3.17 1.23
IL-C 13.3" 9.0 light gray 7.5 47.62 16.19 1.11
2L-T 39.44 9.3 gray 8:2 6.2.50 5.27 1.17
3L-T 17.86 25.3 gray - - 2.48 1.32
i
4L-T 11.59 0.8 light gray 8.2 47.62 5.78 0.78_ i
5L-C 13.94 7.4 gray 8.0 50.00 5.74 -
6L-C 16.21 25.0 gray 8.5 50.00 5.53
7L-B 14.71 27.3 gray 8.4 40.00 8.19 -
Samples collected on May 10, 1975
@ C	 Composite; T	 Top - upper part of soil core; B -- Bottom - lower part of soil core
k
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Table 4-S (a) : Data on the Measurement of Physical ?arameters and the Measured Values for Ammonium
and Nitrate-Nitrogen # - -
(4th Collection) -- Haulover Canal and Mosquito Lagoon
r
Sample #@ Moisture % Shells in the Color of the pH Conductivity Nitrogen (ppm)
M collected Sample Sediment	 (1:1 Ratio) (in 100 u Mhos) NH4--N NO 3-N
IH-'1' 20.53 - gray 8.0 47.85 0.68 --
lH-B 24.61 - gray 8.2 45.45 0.17 -
2H-T 28,69 - gray-black 7.9 58.82 - 1.44
2H-B 25.24 - gray-black 7.9 52.63 2.11 -
1L-T 27.23 - gray 8.1 64.52 1.25 -
1L-B 34.10 - gray 8.0 69.44 1.50 -
2L-T 21.17 - light-gray 8.1 39.84 0.17 0.85	 ---
2L-B 26.79 - gray 8.2 47.85 1.42 -
3L-T 22.14 - gray 8.2 50.51 0.34 --
3L-B 24.26 - gray 8.3 54.64 1.04 0.52
4L-T 15.03 - light-gray 8.1 35.34 - --
4L-B 21.36 - gray 8.2 51.02 - --
5L-T 20.83 - gray 8.2 50.00 - -
5L-B 18.71 - gray 8.1 45.45 0.17 -
6L-T 19.07 - gray 7.8 43.67 0.83 2.50
6L-B 18.31 - gray 8.1 45.87 0.67 -
7L-T 16.27 - gray 8.1 38.31 2.28 --
7L-B 18.00 - dark gray 8.0 45.45 - 0.17
w
* Samples collected on July 26, 1975
@ C = Composite; T	 Top - upper part of soil core; B -- Bottom - lower part of soil core
Fr"
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Table 5-S (a) Data on the Measurement of Physical Parameters and the Measured Values for Ammoni=
and Nitrate-Nitrogen
*(5th Collection) - Haulover Canal and Mosquito Lagoon
Sample	 ^ Moisture % Shells in the Color of the p11 Conductivity Nitrogen (ppm)
M collected Sample Sediment (1:1 Ratio) (in 100 u Mhos) NH4 -N NO3 _N
1H-T 12.88 7.2 gray 8.1 60.24 1.31 1.75
111-B 11.94 7.6 light gray 8.3 53.48 1.40 0.70
2H-T 15.88 7.2 dark--gray 8.3 66.23 15.29 0.68
211-B 16.71 3.5 dark-gray 8.3 83.33 6.39 1.13
1L-T 15.70 2.3 dark-gray 8.5 74.07 1.29 1.48
1L-B 17.46 4.6 dark-gray 8.4 76.92 1.12 0.37
2L-T 14.53 13.2 light-gray 8..8 57.80 1.34 0.22
2L-B 19.76 12.7 gray 8.7 98.04 1.98 0.79
3L-T 15 . 01 9.5 light gray 8.8 68.97 1.07 0.72
3L-B 14.83 13.0 gray 8.6 63.69 0.36 0.36
4L-T 14.81 4.3 light gray 8 . 6 74.63 1.44 0.36
4L-B 14.86 5.2 light gray 8.8 67.57 1.97 0.18
5L-T 19 . 06 negligible dark gray 8.6 48.78 1.65 0.55
5L-8 14 . 48 19.0 dark gray 8.8 66.2 0.88 0.18
6L-T 9.93 28 . 4 dark gray 8.7 4.0.82 4.98 -
6L-B 11 . 43 6.1 dark-gray 8 . 7 77.52 2.39 1.90
7L-T 14.35 29.3 gray 8.6 54.35 5.99 -2.113
7L-B 11.54 13.0 gray 8.8 50,25 5.77 2.72
* Samples collected on September 27, 1975
@ C e Composite; T . Top -upper partof soil core; B . Botom - lowever part of soil core
_..... ^ 	..i...w._r..	 nom. h_
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Table 2-S (b) : Concentration of Trace Elements in Interstitial Water of
Sediments from laulover Canal and Mosquito Lagoon (2nd Collection)
Sample # Mn Cr Zn Cd
----
------ norm -----------
111-- 0.12 0.15 0.06 0.24
2H-C 0.12 0.15 0.15 0.1.0
2H-Anchor 0.1.4 0.16 0.18 0.25
1L-T 0.11 0.15 0.34 -
1L-B 0.10 0.14 0.25 0.30
2L-T 0.14 0.18 0.21 0.45
21.-B 0.10 0.17 0.20 0.23
3L-C 0.17 0.17 0.26 0.61
4L-T 0.17 0.16 0.20 0.45
4L-B 0.16 0.15 0.25 0.51
5L-B 0.12 0.18 0.21 0.70
6L-T 0.20 0.16 - -
6L-B 0.16 0.19 0.26 0.57
7L-T 0.19 0.19 0.26 0.76
*	 Samples collected on March 8, 1975
Table 3-S (b)	 Concentration of Trace Elements in.interstitial Water of
Sediments from Haulover Canal and Mosquito Lagoon (3rd Collection)
Sample # Mn Cr Zn Cd
----	 ---- BE -----------
1R-T 0.15 0.16 0.34 0.83
2H-T 0.13 0.16 0.65 0.79
2H-B 0.17 0.15 0.32 0.23
2H-C 0.13 0.18 0.15 0.46
1L-T 0.14 0.16 0.40 0.37
1L-C 0.16 0.18 0.73 0.43
2L-T 0.15 0.15 0.22 0.40
3L-T - 0•.16 - -
4L-T 0.11 0.16 0.34 0.43
5L-C 0.12 0.12 0.20 0.24
6L-C 0.16 0.17 0.28 0.42
7L-B 0.14 0.15 0.09 0.33
* Samples collected on May 10, 1975
J
Table 4-5 (b): Concentration of 'trace Elernan is in	 Interstitial Water of	 *	 t
Sediments from Haulover Canal and Hosquito Lagoon ;,4th collection)
Sample # Zn Cd Sample # Zn Cd
------	 m ------- ------------ PPM -------	 t
11I-T 0.21 0.30 4L-T 0.15 0.26
1H-B 0.15 0.10 4L-B 0.04 0.09
t 2H-T 0.14 0.16 5L-T 0.06 0.27
2H-B 0.11 0.42 5L-B 0.03 0.422
1L-T 0.11 0.32 6L-T 0.14 0.42
i 1L-B 0.15 0.22 6L-B 0.18 0.22
2L-T 0.11 0.11 7L-T 0.03 0.11
2L-B 0.10 0.18 7L-B 0.23 0.11
3L-T 0.09 0.17
C
3L-B 0 . 20 0.37
*	 Samples not determined.collected on July 26, 1975. 	 $	 Mn and Cr were
' `Table 5-S (b): Concentration of Trace Elements in Interstitial Water of
Sediments from Haulover Canal and Mosquito Lagoon (5th Collection)
Sample Ma Cr
PPM
Zn Cd
s
r
lH-T 0.050 -0- 0.075 0.165
1H--B 0.100 0.033 0.125 0.165
2H-T 0.967 0.017 0.126 0.222
2H-B 0.300 -0- 0.112 0.245
1L-T 0.150 -0- 0.125 0.198
1L-B 0.167 0.017 0.075 0.210
2L-T 0.100 0.033 0.125 0.178
2L-B 0.100 0.050 0.074 0.178
3L-T 0.083 -0- 0.060 0.089
3L-B 0.117 -0- 0.112 0.189
4L-T 0.100 0.017 0.088 0.198
4L--B 0.100 -0- 0.078 0.198
5L-T 0.183 -0- 0.088 0.178
5L-B 0,133 -0- 0.078 0.232
t
t 6L-T 0.117 0.017 0.075 0.178
6L-B 0.167 0.033 0.077 0.189
7L-T 0.133 0.033 0.065 0.189
7L-B 0.100 0.033 0.078 0.165
*	 Samples collected on September 27, 1975.
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1
are in between their respective concentrations in water samples and those
of the ion-exchangable trace elements in the sediment. The analytical
results do not s: .aw any noticable trend in the seasonal or locational
I
variation in the concentration of trace elements.
The results of the analysis of water-soluble and ion-exchangable
f
metals in sediments we have carried out in this study are presented in
Tables 2-S (c) to 5-S(c). On comparison of these tables with Tables 2-W(b) to
5-W(b) one can see that the concentrations of Na, K and .ig are much lower
in the ion-exchangable fraction of the sediment than in respective water
samples while that of calcium is considerably higher in sediment fraction.
The concentration levels of all the trace elements are also much higher
in the sediment fraction than in the corresponding water samples.
f{ .
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Table 2 S (c) Concentration of Water-Salable and Ian-Exchangable Metals in Sedimen^s
H
(2nd Collection)` from Haulover Canal and Mosquito Lagoon
Sample	 Ca	 Mg	 Na	 K	 Fe	 Mn	 Cr	 Zn	 Cd	 Cu
-------- ppm in air-dry sediments
iH-C 2667 374 1940 122 1.2 2.25 0.,33 2.70 0.70 2.00
2H-C 2400 408 1700 110 1.2 2.05 0.6.6 3.50 0.70 2.00
2H-Anchor 3267 395 2400 191 1..2 2.10 0.66 5.09 0.50 1.50
lL-T 3867 612 2650 190 1.2 2.30 0.33 2.50 0.50 1.50
IL-B 3067 1088 4800 436 1.8 2.40 0.33 3.00 0.50 2.00
2L-T 4733 510 2700 185 1.8 3.15 0.33 2.50 0.50 1.50
2L-B 5334 748 2300 170 3.6 4.00 0.66 4.50 1.60 3 .OU
3L-C 3567 476 2650 145 1.2 2.20 0.33 5.05 1.20 2.33
4L-T 4833 476 2350 150 1.8 3.40 0.33 4.00 0.80 2.00
4L-B 5433 510 2350 156 2.1 2.35 0.33 3.62 0.90 2.00
5L-C 2633 408 2200 115 1.2 2.40 0.0 4.25 0.80 2.00
6L-T 4033 748 2960 245 0.6 4.60 0.85 2.50 0.70 2.20
6L-B 3700 850 3320 295 0.6 3.30 0.0 3.00 0.50 2.00
7L-C 2600 442 .2130 142 1.2 3.50 0.35 2.87 0.70 1.00
Samples collected on March 8, 1975
@ Sediments extracted by i N Ammonium Acetate solution
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Table 3-S (c) : Concentration of Water-Soluble and Ion-Exchangable Metals in Sediments@
Ord Collection) * from Haulover Canal and Mosquito Lagoon:
Sample 0 Ca Mg Na K Fe Mn Cr Zn Cd Cu
---------
- ppm in air-dry sediments
1H-T 6200 374 1675 120 1.5 2.00 0.33 10.38 0.33 1.00
IH-L 5900 408 1750 121 2.:0 1.00 0.33 8.50 0.33 2.00
2H--C 2300 442 1725 100 2.5 0.67 0.33 8.00 0.33 1.00
2H-B 1767 443 1850 122 1.0 0.67 0.33 14.00 0.33 1.50
1L-T 6250 680 2750 184 1.0 1.83 0.33 10.50 0-.50 1.00
1L-C 4700 334 1575 120 2.0 1.50 0.10 7.50 0.0 1.50
2L-T 5333 1428 4000 305 2..0 1.83 0.33 7.50; 0.50 3.10
3L-T 4333 -518 2475 178 0.5 1.33 0.33 4.87 0.33 2.00
4L-T 2700 334 1725 115 1.0 0.67 0.33 6.88 0.33 2.50
5L-C 4600 443 2200 150 0..5 1.67 0.33 7.88 0.33 3.80
6L-C 6100 525 .2100 170 1.0 1.67 .0.33 4.38 0.33 1.00
7L-B 4833 342 1575 130 2.0 1.83 0.33 6.00 0.50 1.00
x Samples collected on May lU, 19I.'I
@ Sediments extracted by 1 N Ammonium Acetate solution
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Table 4-S (c) Concentration of Water-Soluble and Ion-Exchangable Metals in Sediments
(4th Collection) * from Haulover Canal and Mosquito Lagoon
Sample Ca Mg Na K Fe Mn Cr Zn Cd Cu
--------- ppm in air-dry sediments ---- ------
111-T 5800 374 1500 101 4.4 1.00 0.66 10.13 0.31 2.33
1H-B 5900 408 1825 130 3.8 0.67 0.66 6.25 0.17 2.00
211-T 3233 748 2500 180 4.7 1.67 1.50 7.00 0.33 2.00
2H--B 1833 731 2350 180 3.6 0.50 1.00 7.75 0.0 2.00
1L-T 7000 647 2700 250 1.5 1.83 0.66 6.50 0.33 2.00
1L-B 9200 884 3350 300 2.0 2.67 0.33 3.13 0.17 2.00
2L-T 7600 408 1650 122 1.5 1.67 0.33 9.38 0.33 3.10
2L-B 7400 544 2100 200 2.0 1.00 0.33 2.50 0.66 2.20
3L-T 45.33 578 235.0 204 1.0 1.50 0.33 1.5.0 0.66 1.00
3L-B 5800 680 2625 255 0.5 2.17 0.33 1.13 0.33 1.00
4L-T 3700 323 1450 85 1.0 0.83 0.33 1.:25 0.33 1.00
4L-B 3850 476 2025 164 2.5 0.83 0.33 1.00 0.17 2.00
5L-T 76.00 530 2250 165 3.0 2.33 0.33 1.25 0.33 1.00
5L--B 9134 408 1850 121 2.5 2.50 0.33 1.25 0.33 0.50
6L-T 9400 1292 2350 228 3.8 4.50 0.33 3.13 0.17 0.50
6L--B 7200 697 2550 230 2.8 2.50 0.0 1.68 0.17 0.50
7L-T 6266 578 2700 154 3.3 2.67 0.33 1.66 0.0 1.00
7L-B 3333 612 2250 234 3.6 3.17 0.0 2.13 0.0 .1.00
*	 Samples collected on July 26, 1975
@	 Sediments extracted by 1 N Ammonium Acetate solution
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Table 5-S (c) Concentration of Water-Soluble and Ion-Exchangable Metals in Sediments@
(5th Collection)' from Haulover Canal and Mosquito Lagoon
Sample # Ca Mg Na' K Fe Mn Cr 2n Cd Cu
F
------- ppm in air-dry sediments -------
1H-T 11600 612 2500 200 3.0 1.83 0.33 5.50 0.50 1.00
1H-B 1.1600 544 2400 154 3.0 1.67 0.33 8.63 G.-0 5.40
2H-T 4650 612 2400 180 3.0 8.34 0.0 5.05 0.50 1.00	 --
2H-B 3867 833 3100 250 4.11 3.34 0.0 9.63 0.17 1.00
1L-T 4600 782 3200 248 2.5 1.33 0.0 4.25 0.33 0.50
1L-B 5400 953 3300 332 1.5 1.67 0.0 3.75 0.17 0.50
2L-T 10200 510 2325 170 1.5 1.17 0.33 3.75 0.33 1.00
2L-B 8274 926 4100 300 1.0 1.00 0.0 3.13 0.33 1.00
3L-T 6334 519 2900 165 2.5 0.83 0.33 7.88 0.1.7 1. 00
3L-B 9200 646 2875 218 1.5 1.50 0.0 3.63 0.33 1.50
4L-T 7066 576 3075 184 1.5 1.17 0.33 4.38 0.17 0.50
4L-B 5330 748 2800 188 1.0 0.67 0.0 4.87 0.33 1.00
5L-T 4960 571 2350 200 1.0 1.50 0.0 4.37 0.17 0.50
5L-B 3700 697 2825 260 2.0 0.83 0.33 4.38 0.33 1.00
6L-T 3533 374 1650 121 1.5 1.17 0.0 2.50 0.33 1.00
6L-B 4333 748 3250 270 1.5 4.50 0.0 3 15 0.17 1.00
7L-T 3400 969 2275 174 1.0 0,67 0.0 3.38 0.17 1.00
7L-B 3333 442 2025 164 1.5 0.67 0.0 4.37 0.33 1.50
Samples collected on GAptember 27. 1975
@ Sediments extracted by 1 it' Ammonium Acetate solution LO
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Results of Microbiological Studies. The results of microbial studies
F
are presented in the following tables numbered 6 - 12. In achieving these
data, the large number of biochemical tests required to establish the identity
of individual bacteria were not carried out. Instead, groups of heterotrophic
bacteria have been isolated except in instances where selective procedures
were available for obtaining pure cultures of bacteria.
Table 6 : Bacteria isolated from Water samples of Haulover Canal and
Mosquito Lagoon (1st Collection)*
Medium Water Samples	 Microbial Group Remarks - Colony Characteristics
No.	 erected
I.	 1L, 2L, 3L,	 Actinomycetes	 Wrinkled white or pigmented colonies,
4L, 6L, 2H.	 Nocardia	 some embedded in agar.
Streptomyces ?
Micromonospora
Arthrobacter
2. 1L, 3L, 4L,	 Bacillus sp.	 Spreading colonies; small pinpoint
6L, 2H, 2L,7L.	 colonies.
3. 2L, 5L,	 Slight growth	 Aerial mycelia absent in 21,; no
6L.	 Pseudomonas.	 proteolysis in.5L; aerial mycelia
Alcaligenes	 present in 6L.
4. 2L, 4L, 2H,	 Moraxella	 Pinpoint white colonies; colorless
3L, 5L, 6L,	 Acinetobacter	 small. (L 1 mm) colonies in 6L & 7L.f
7L.
S.	 1L, 2H.	 Cytophaga	 White and yellow colonies embedded in
agar; small purple colonies Mic.romonos.pora.
7L	 -•--------	 Spreaders on agar surface, Bacillus ?
2L, 3L, 4L, 5L, 6L. ---- 	 Moist glistening large colonies;
off-white 'haloed'colonies.
* Samples collected on December 21, 1974
Table 7 : Bacteria isolated on differential-selective media after Enrichment.
Medium	 Sample	 Reaction	 Remarks
Simmons	 2H	 discoloration Ammonia released from inorganic(N110 ,tPO4
r
citrate agar	 small moist glistening colonies also present.
Actinomycetes 2H	 isolated colo- Rough, wrinkled with raised edges, probably
isolation	 nies from 1, 2, ;Mycobacterium sp.
agar	 and 4.
40
Table 7 : (continued)
r
Medium	 Sample	 Reaction
	
Remarks
Colonies trans-
	
Slow growing Large qst, brown colonies on
ferred froorystal at first,	 pseudomonas F agar;.organisms motile
violet agar to	 then rapid gram negative, Pseudomonas sp.
medium 3
and
glucose-asparagine Mycelia Nocardia sp.
agar fragmented
white cottony
mycelia on crystal violet agar
Mannitol 2H, 5L Moist, golden Gram, positive cocci in clusters,
salt agar yellow colonies, Staphylococcus sp.,
small pinpoint pellicle on agar surface in tube,
colonies Micrococcus sp. ?
Yeast extract	 2H, 1L, Colonies trans-- Short gram +ve rods (young cultures)
mineral salts	 7L f erred from -•? gram variable cocci, (old
and 0.2% actinomycetes cultures)-- Arthrobacter sp.
nicotine isolation agar
crystal violet
agar
Veilonella
	 2H, 2L	 Slight growth	 Probably not Veilonella, still
agar	 under study
Table 8 : Some bacteria isolated on different media at 300C after 5 days of
incubation (Samples selected at random from 2nd, 3rd, 4th, and 5th
collections) - Water.
Sample Fluid thiogly- Actinomy- Pseudo- Crystal Me.thyl,red Indole koser
No. collate broth cetes iso- monas	 violet Voges Pros- nitrate citrate
lation isolati- agar kaVer broth broth
agar on agar medium
4L-5th +++ -
6L-3rd + -
5L-5th ++ ++ +
5L-5th ++ + - + -
21L-5th + +
5L-5th + + -
3L-5th + +
2H-5th ++ + ++ / - +3L-5th + + +
7L-5th +
1L-5th +
3L-2nd + +
2L-2nd +	 +
+ Indication of bacterial C.rnwth.	 - No bact(°rial growth.
G neth,l red/voges Proskauer test inconclusive.
;x
R
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Table 9 : Isolation of some heterotrophic bacteria from water samples on
various media after incubation at 37 00 for 5 days.
Sample Fluid thio-	 Eijkman	 Nitrogen free Brilliant Heart
No.	 glycollate broth lactose broth	 medium	 green agar infusion agar
lH-1st*	+
2H-2nd	 +
2H anchor-2nd
	 +
2H-5th	 +
5L-5th	 +	 +
7L-5th
	 +
4L-5th	 0, gas
	
* anaerobic cultures. 	 + indication of growth. # gas produced.
Table 10 : Isolation of some heterotrophic bacteria from selected water samples
on various media after 5 days of incubation at 450C.
Sample Phenol red Bassal Eykman Enterosco,ccus Diethyl red Urea Peptone Uric
No.	 lactose	 nitrate lactose confirmatory Voges pros- broth Nitrate Acid
broth
	
medium broth agar	 kacur	 broth
5L-5th +	 -	 +	 -	 -	 -
1L-5th	 -	 +	 +
7H-5th
	 -	 +
4L-5th	 +	 -
7L-5th +	 -	 +	 +
2%-5th +	 +	 -	 +@	 -
6L-5th	 +	 +	 -	 -
3L-5	 +	 -	 -	 +	 -	 -
211-1st
	 x	 +	 -	 $
lF-1st *	 +	 $	 -
2L-5th	 +	 -	 -
^	 z
$ £,rawn at 2 C, produced blu ish-gree pigment, green in presence of ethanol,
@ green in presence of tartrate.
15
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Tattle 11 Isolation of some hetero[ropic bacteria fr,.  , selected sediment
samples on various media after 5 days of incubation at 370C i
Sample Fluid thio- L3kman	 Peptone DRCM + RCM*	Brilliant N -free	 Baars-^ heart
No. glycollate	 lactose	 nitrate poly-4.•-:.	 green	 medium	 lactate infusi-
medium	 broth	 broth wixim	 agar	 sulfate on agar
i
4L-B * + +	 +	 +
1
+
3L-T - +,H2S +	 {
1L-B* +	 N +	 i
3L-B +	 +, H2S	 - +
6L-B* + +	 +
1L-T* +	 +
5L-T* + +, H 
2 
S	 +	 -
5L-B +	 +
7L-T* +	 +
2L-B + +	 +
4L-T* +	 +
RCM - reinforced clostridial medium; DRCM- differential reinforced clostridial
medium; * anaerobic cultures
Table 12	 Isolation of some heterophic bacteria from selected sediment
samples on various media after 5 days of incubation at 450C
Sample- Basal	 DRCM +	 Peptone Uric
	
Baars la-	 Urea*	 Urea
No. nitrate	 poly-	 nitrate Acid	 ctate Sul-	 agar	 bath
medium	 mixim	 broth medium	 fate broth
1L-T/B + + 3
5
2L-B --	 +	 — }
3L-B - -	 +	 -
4L
-B +	 -	 - -	 -	 -	 -
1
5L T - -
6L-B +, H2 -	 -
7L-T	 -	 -	 -
* for testing the presence of alkaline-tolerant bacteria; 
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Discussion of Results of Microbiological Studies. The first phase of
this study has been devoted to the isolation . +of bacteria and actinomycetes
from selected water and sediment samples. Because the extensive testing is
usually involved in the confirmation of a single genus, the characterization
and identification at the specific level is even more involved. Consequently,
only a few pure cultures have been isolated at this time; These include
0
organisms isolated from samples 7L-5th, 2H-1st, and 1H-1st at 48 C on media
containing ethanol or tartarate (Table 10). These bacteria were gram negative,
motile rods, oxidative in their metabolism and produced water-soluble pigments
or light brown pigment (2H, Table 7). The fluorescent pigment producing;
bacteria that grew at 420C were Pseudomonas aeruginosa; those that produced
a buff or light brown pigment were P. stutzeri ( 13 ). Arthrobacter species
(2H, 1L, & 7L, Table #7) have not been identified to the specific level.
Table #6 shows the occurrence of aerobic actinomycetes (coryneform bacteria)
in water samples U, 2L, 3L, 4L, bL and 2H. Of the many coryneforms expected,
only Noq-r^ is sp, has been conf irmed because actinomycete morphology varies
with the medium as is shown in :sables 7 & 8 ( 14 ). Thus Nocardia species
recovered from 2H (Table 7) had white cottony mycelia on crystal violet agar
while appearing; as fragmented rods on actinomycetes isolation agar. Further
growth on nutrient gelatin and antibiotic-forming tendencies are among several
more tests required to establish the identity of individual actinomycetes.
Screening media such as fluid thiogl.ycollate broth (witic:at i=-Rdicatrr) yield
a variety of aerobic and facultatively anaerobic bacteria (Tables 8, 9, 11)
such as Enterobacteriaceae, although it can also be used for primary isolation
of Clostridia ( 9 ). Crystal violet agar nutrient enriches for pseudomonads
yet is also used for differentiation of Staphylococci (Table 7) which also
grow on brilliant green agar ( 9, 10, 14 ).
t
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The extensive tests required nor pure Culture isolation has prompted us
to isolate groups of bacteria, store them in stock culture agar for later
pyrochromatographic analysis. It would appear that pure cultures would serve
as 'reference'organisms whereas mixed cultures would be preferred in correla-
tion studies of microbial interaction with organic and inorganic materials
in water and especially sediment samples ( 8, 15, 16 ). Since media such as
malonate broth, Koser citrate broth, indole nitrate broth and heart infusion
agar will support the growth of a variety of bacteria, the large number of
tests required to differentiate these organisms will lend support to the
development of alternative rapid procedures for bacterial isolation. We feel
that pyrolysis-gas-liquid chromatography will be such a procedure, especially
if bacterial components are also analyzed.
Other workers ( 17 ) have adapted gas chromatography to the presumptive
identification of coliform bacteria. We have used traditional methods to
establish the presence of fecal coliform bacteria at 450C in gijkman lactose
broth (Tables 9, 10, 11 ). The identity of fecal streptococci requires more
stringent procedures ( 18, 190 •) and organisms suspected to be fecal streptococci
(growth on enterococcus confirmatory agar , Table 10) will be further analyzed
biochemically later on.
There seems a preliminary indication of correlation between physico-
chemical parame ters and microbial activity. The occurrence of facultative
and anaerobic bacteria, possibly denitrifying bacteria and/or Clostridium
pastelArianum, on nitrogen-free and peptone-nitrate media (Table 9, 10, 11)
u.ay ^.nplain the low levels of nitrate nitrogen recorded in some samples
( 18, 19f 20 ). These samples also contained fairly high amounts of ammonia
F
nitrogen. RQ1 and DRCM media were used to isolate clostridia especially
y
Cl. perfringens. The production of hydrogen sulfide may account for the
pungent smell encountered in sampling site 6L (Tables 11, 12) near the village
S
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Oak Hill. However, sulfate reduction per se does not suffice to explain the
possible contamination of the Mosquito Lagoon by domestic waste, especially
sinr.e some non-fecal indicator organisms can also produce hydrogen sulfide
( 8, 9,). Two sites,6L--B and 4L-B, yielded positive cultures on €ellurite
glycine agar, and although this suggests the presence of non-typhoid
Salmonella species, confirmation of these salmonellae will be achieved only
T
i
through serological and other tests ( 9, 21 ). 	 s
EVALUATION OF RESULTS AND CONCLUSIONS
General Trends in the Concentration of Major and Minor Constituents
of Water Bodies. One of the significant findings in this study is a spring
maximum in slainity, electrical conductivity and in the concentration of most
of the elements in samples collected from each site as a function of time.
Figure 2 is a plot of percent salinity versus periodic time of collection
starting the time of first collection as zero. It is obvious from this
figure that &he salinity at a given site increases progressively from
december onwards showing a maximum during the month of May after which it
decreases and then begins to increase slightly. Furthermore, 'fables 1-W(a) to
5-W(a) and Figure 2 show that, in general, the salinity of water samples at
each collection time increases from 1H to 5L (from West end of Haulover
canal onwards) and drops of slightly in 6L and 7 L. The latter observation
may be the result of dilution of ocean water with less saline water from the
land near the village Oak Hill. The seasonal variation in salinity may be
the result of precipitation and temperature changes and possibly due to the
difference in the influx of water from the ocean to the estuary. The phos-
phate concentration of the water samples collected from each site also shows
a remarkable increase in the month of May while nitrate-nitrogen is hardly
detectable at this time.
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Examination of Tablas 14,(h) to 5-W(b) and 1-W(c) to 5-W(c) for water
samples will clearly show Oat the concentrations of both major and minor
constituents vary location-wise as well as from season to season. "046,
variations in the elemental composition of samples collected from different
locations have been observed elsewhere by previous workers ( 22 ). The
concentrations of major cations and anionic species on water samples collected
at each time increase location-wise from lH to 5L and then decrease slightly
in b L and 7L. There is a strong corelation between the salinity variation
and the variation in the concentrations of major ionic specie.is in water.The
variation in electrical conductance also parallels that observed in salinity
and elemental distribution in samples. Although the seasonal variation in
concentration of major constituents is remarkable, it cannot be attributed to
enviroumentil pollution. We are interested in the concentration pattern of
trace elements including the phosphate. The results presented in Tables 1•,-W(c)
to 5-W(c) do not reveal the presence of any spring maximum in the concentration
levels of the trace elements we have studied, similar to what we observed in
the concent-zation levels of major constituents. However, iron and chromium
show relatively larger concentration gradients over the rest throughout the
sampling area at each collection. Furthermore, there is an inverse relation
between the seasonal vaf iation in the concentration of these two elements
and that of the major constituents. Iron and chromium concentrations seem to
decrease as a function of time from the begining (Dec. 21) to the end (Sept. 27)
of the collection period. Partial removal of these two heavy transition metals
from water during the sampling period may be attributed to either precipitation
at the measured ph of 7 or mote of the costal water or uptake by organisms of
various kind. Marlini et al ( 23 ) have reported that fresh-water plants which
fall in the family of Macrophytes have the highest concentration of iron
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among heavy metals ind the fish population (especially Lhe Alburnus) also
absorb substantial amounts of iron from water. It is possible that during
the spring and summer months the iron content of water gets depleted by its
assimilation by various marine organisms. The accumulation and metabolic
activity of chromium in fish and water-plants is less known than some of the
other trace elements so that its removal from water can, at this time, be
aLtributed mainly to sedimental process. The concentrations of all the trace
elements, given as upper values, are believed to be within the permissible
limits for esturine waters.
General Trends in the Concentration of Major and Minor Cations in Inter-
stitial Water and Ion-Exchangable Fraction of Sediment Samples. The results of
analysis of the interstitial water of the sediment (Table 2-S (b) to Table 5-S(b))
do not shed much light on the distribution pattern of the trace element except
the fact that zinc and chkozilumllev&ls show a gradual increase from March to
May and then decrease.. In general, the concentrations of trace elments in the
interstitial water of sediment seem to be higher than those obtained from surface
water samples collected from the same sites. The trace elements in the inter-
stitial oatmechanically removable fraction may be considered as elements
resulting from recent sedimentation and sticking to the surface loosely in
ionic or combined state with ligands. This may account for the larger con-
centration of these elements in interstial water than in surface water bodies.
The more tightly held cations in the sediment samples are removed by the
cation-exchange mechanism with ammonium acetate extraction. This fraction of
the trace elements may have been accumulated in the sediment as a result of
precipitation for a long period of time. Comparison of Tables 2-S(c)-to 5-S(c)
with Tables 2-w(b) to 5
-W(b) and 2-W(c) to 5-W(c) clearly shows that 'there is
	
large difference in concentration of both major and minor elements between 	 r
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these sediment fractions and water. samples. If one can assume that the ratio
of the concentrations of a given element in the ion--exchangable fraction of
the sediment to its concentration in water is indicative oc long range sedi-
mentation our results suggest that out of four metals, Na, K., Mg and Ca, calcium
has the strongest tendency to precipitate than the rest.It is to be pointed out
that the concentrations of the four major elements in the sediment samples as
shown in the tables are of the order: Ca >Xa>Mg7K. On the other hand the
concentration order of these elements in water is Na >'z[g > Ca a K. The sedi-
mentation of a given ion is governed by several factors some of which are:
(a)the charge , (h) mobility and diffusion coefficient of ion, (c) speed of
the water current, (d) pH of the solution, (e) presence of organic ligands,
(f) direction of wind etc. Since some of these factors are common to all ionic
species it was felt that the concentration of elements relative to that of a
chosen reference element in water and sediment fraction will give a better
picture for the corelation study. Tables 13, 14 and 15 show Ca/K, Mg/K and
Zn/K ratios, respectively, in water and sediment fraction of all sainples
collected during the reporting period. It can be seer, from these tables that
the values for(CCa/CK ) W and (%/CK)W remain almostutonstant at each collection
period while that for (CZn/CK)W varies significantly. This observation leads us
to conclude that we can expect large concentration gradients for trace elements
such as zinc while major elements do not show significant variations in their
relative :.oncentrations over the collection area.
It is obvious from these tables that the values for (CCa/CK) in sediment
fractions are much higher than those for (CMg/CK) and (CZn/CK). There is also
Considerable variation in the respective values at each collection time. These
ratios, however, do not reveal the relative sedimentation rate between collection
periods. A more suitable indicator will be the ratio of concentrations of a pair
F
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Table 1.3
Ca/K Ratios in Water anti lop-exchangable Fraction of Sediment
(a) Second Collection (b) Third Collection
Sample #	 (Cc/G ) S (CCa Sample (C	 /C ) SCa .(GCa/CK)W
1H@ 21,86 0.593 111 49.15 0.6.23
2H 21.81 0.609 2H 23.00 0.585
1L 11..07 0.614 1L 39.16 0.578
2L 28.35 0.617 2L 1.7.48 0.587
3L 24..60 0.581 3L 24.34 0.542
4L 33.55 0.579 4L 23.48 0.529
5L 22.90 0.553 5L 30.66 0.555
6L 14.32 0.574 6L 35.88 0.571
7L 18.31 0.571 7L 37.17 0.577
(c) Fourth Collection (d) Fif th Collection
Sample #
	 (CCa/CK)S (CCa/CK) Sample # (CCa/CK) S (C^.a/CK)W
1H@ 50.65 1.02 lH@ 65.54 0.83
2H 14.07 1.03 2H 19.80 0.96
M 29.45 1.06 1L 17.24 1.03
2L 46.58 1.05 2L 39.31 1.01
3L 22.51 0.97 3L 40.56 1.06
4L 30.32 0.97 4L 33.32 1.01
5L 58.51 0.97 5L 18.83 0.92
6L 36.24 0.97 6L 20.07 0.90
7L 14.74 0.99 7L 19.92 0.93
@ The values for the upper and lower parts of the soil care, if available,
have been averaged to give t%e listed values., S=Sediment, W-Water
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Table 14
Mg /K Ratios iit Water and Ion-exc:wngable Fraction of Sediment
(a) Second Collection (b) Third Collection
Sample #	 (CM$/CK) S (Ctig/CK} Sample # (C%	 /Ch) 5 (Gfg/CK)W
1H@ 3.07 1.92 1H@ 3.37 1.64
2H 3.71 1.90 2H 4.42 1.63
1L 2.72 2.00 1L 2.78 1.61
2L 3.54 1.93 2L 4.68 1.61
3I. 3.28 1.87 3L 2.91 1.60
4L 3.22 1.80 4L 2.90 1.60
5L 3.55 1.69 5L 2.95 1.66
6L 2.96 1.68 6L 3.09 1.65
7L 3.11 1.72 7L 2.63 1.65
(c) Fourth Collection (d) Fifth Collection
Sample #	 (%/CK) S (CMg/CK)W Sample # (CMg /CK) S (CM9/CK)W
1H@ 3.39 3.07 1H@ 3.27 2.5
2H 4.21 3.09 2H 3.36 2.93
1L 2.69 3.15 1L 2.99 3.13
2L 2.96 3.06 2L 3.06 3.16
3L 2.74 2.92 3L 3.04 3.11
4L 3.21 2.96 4L 3.56 3.18
5L 3.28 2.99 5L 2.76 3.04
6L 3.03 2.99 6L 2.87 3.01
7L 3.07 3.08 7L 4.17 3.10
@ The values for the if available,upper and lower parts of the soil core,
have been averaged to give the listed values; S=Sediment, W- Water
Zn/K Ratios.-in Water and Ion-exchangable Fraction of Sediment
(a) Second Collection (b) Third Collection
Sample i^ (CZn/CK ) 5 (Ciig/CK)W Sample # (Cme/CK)S (GP1g/C )W
1H@ 0.022 0.000095 Ili@ 0.078 0.000062
2H 0.032' 0.000092 2H 0.080 0.000056
1L 0.009 0.000083 IL 0.059 0.000082
2L 0.020 0.000083 2L 0.026 0.000096
3L 0.035 0.000072 3L 0.027 0.000054
4L 0.025 0.000120 4L 0.060 0.000091
5L 0.037 0.000098 5L 0.053 0.000073
6L 0.010 0.000075 6L 0.026 0.000074
7L 0.020 0.000086 7L 0.046 0.000109
(c) Fourth Collection (d) Fifth Collection
Sample // (CZn/CK) S (Cqn/CK)W Sample # (CZn/CK) S (CZn/CK)W
1H@ 0.071 0.00018 1H@ 0.0399 0.000068
211 0.041 0.00054 2H 0.0341 0.000089
1L 0.0175 0.00034 1L 0.0138 0.000087
2L 0.0369 0.00045 2L 0.0146 0.000060
3L 0.0057 0.00032 3L 0.0300 0.00011
4L 0.0090 0.00029 4L 0.0248 0.00015
5L 0.0087 0.00021 5L 0.0190 0.000066
6L 0.0105 0.00021 6L 0.0144 0.000116
7L 0.0047 0.00027 7L 0.0458 0.000112
@ The values for the upper and lower parts of the soil core, if available,
have been averaged to give the listed values ; 5=Sediment, W=Water
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of elements in sediment fraction and water. Figures 3, 4 and 5 are plots of
such ratios, (CCa/CK)S/(CCa/CK)W, (CMg/CK) S/(CMg/CK)W
 and (C2n/CK)S/(CZn/CK)W'
respectively, versus time. These plots also show, in general, that maximum
sedimentati^n occurs in the month of May. The sedimentation rate, which is
determined by the magnitude of ratios, is of the order 7.n Ca Mg. This order
follows the same pattern as the stability order of the respective chelates or
complexes with organic ligands ( 24 ). This may lead to the conclusion that
organic molecules including microorganisms play an important role in the sedi-
mentation or removal of trace elements from water.
The presence of both NH4-N and NO3--N in the sediment indicates a partially
anaerobic environment. Due to continuously flowing water, the upper layers of
sediments are supplied with dissolved oxygen of water and a limited amount of
nitrification (conversion of ammonia to nitrate) must be going on. This situation
also corelates with the appreciable concentrations of iron and manganese. Both
fe and Mn are more available in soil after treatment under reducing conditions
( 25 ). In the sediment samples studied Mn concentrations, in many instances,
are greater than Fe.
WORK PLANNED FOR THE SECOND YEAR
During the second year of this project we plan to study the aquatic area
of Indian river extending southwards from Haulover Canal. At present, it is
contemplated that about eight sampling sites will be chosen for the collection
of water and sediment samples. Sampling will be initiated in the month of January
and repeated periodically until Septembet, 1976.
The physical, chemical and biological aspects of the collected samples
will be studied as in the previous year. Further attempts will be made to
improve the precision of measure ,ent of trace elements in the samples. The study
of some of the toxic elements which could not be determined in last year will 	 I
also be taken up during the next year. The study on the characterization of
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m►icro-orgaai.sms using } pyrolysis has-Iiqutc. ^hrnma"^gzap^z} • will €,c_ inits.ated.i
We also plan to colleet samples at least once during the second year
from the previous sampling sites in Haulover Canal and P4o.squitn Lagoon. The
purpose of this sampling is to study further the changes that might occur
in the aquatic environment.
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